varied from 2 Ru atoms/supercage (Ru-FAU-2) to 10 Ru atoms/ supercage (Ru-FAU-10). The impregnated zeolites were characterized by UV-visible spectra (Cary 3G UV-visible Spectrophotometer), nitrogen adsorption isotherms (collected at 77 K on an Omnisorp 100 analyzer), thermogravimetric analysis (Netzsch STA 449C) and XPS (performed by the Chevron Research and Technology Co.).
The impregnated solids were tested as oxidants for the conversion of benzyl alcohol 1 to benzaldehyde 2 and 1-pyrenemethanol 3 (too large to enter pores of zeolite) to 1-pyrenecarboxaldehyde 4 (Scheme 1). The reactions were performed at room temperature under argon atmosphere in dichloromethane (DCM) or dichloroethane (DCE) as solvent. The reaction yield was monitored by GC (HP 5890 Series II, with a HP-5 capillary column, 30 m 3 0.25 mm 3 0.25 mm), using biphenyl as an internal standard (benzyl alcohol, 1-pyrenemethanol, biphenyl, DCM, and anhydrous DCE were obtained from Aldrich). DCM was dried and de-gassed by refluxing with calcium hydride and distillation under Ar. DCE and benzyl alcohol were dried over activated molecular sieves (4 Å, Advanced Specialty Gas Equipment) and then de-gassed by 3 freeze-pump-thaw cycles under dry nitrogen.
Results from reacting benzyl alcohol are summarized in Table 1 (aldehyde is the only product observed). A heterogeneous slurry of KRuO 4 in DCM oxidizes the alcohol to benzaldehyde giving a yield of 95% at 24 hours. Ru-FAU-2 gave a 3% yield of 2 in the first 24 hours of reaction and increased to 8% after 76 hours of reaction. With a higher loading of Ru, Ru-FAU-10 gave yields of 10 and 19% over 24 and 48 hour periods, respectively. K-X shows no activity for the oxidation. Benzyl alcohol can readily access the pore space of zeolite-X and react with the KRuO 4 impregnated within the void space. However, at room temperature, the reaction rate 
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could be limited by slow diffusion of benzyl alcohol within the microporous void spaces. To test for this effect, a mesoporous solid was prepared by ion-exchanging KRuO 4 onto controlled pore glass (CPG-240, 240 Å pore diameter) that was functionalized with quaternary phosphonium chloride moieties (similar to work by Bleloch et al. in the ammonium-functionalized MCM-41 system). 13 The RuO 4 2 exchanged onto 47% of the phosphonium groups to give CPG-P + RuO 4 2 that contained 0.27 mmol RuO 4 2 /g solid. The mesoporous material should have minimal diffusion limitations and produced 68% yield of 2 in 27 hours of reaction (CPG-240 was not active for the oxidation of benzyl alcohol). Thus, some effects of diffusion in the zeolite catalysts are likely.
The shape-selective nature of the Ru-FAU solid was demonstrated by testing for the reaction of pyrenemethanol 3 ( Table 2) . A DCE slurry of KRuO 4 gave a 100% yield of 4 in 72 hours. Ru-FAU-2 shows no activity towards oxidation of 3 even after 120 hours of contact. Ru-FAU-10 shows slight activity (2% after 45 hours), but this is likely due to some amount of KRuO 4 on the surface of the zeolite (see below). The mesoporous CPG-P + RuO 4 2 , that has sufficient pore size for adsorption of pyrenemethanol, gave 100% yield of 4 in 24 hours. Like with benzyl alcohol, neither K-X or CPG-240 showed any activity. Thus, Ru-FAU is able to oxidize alcohols into aldehydes in a shape-selective manner.
KRuO 4 (neat) shows a broad absorbance in the UV-visible spectrum from 300-330 nm. K-X, CPG-240, and RuO 2 (the fully reduced form of RuO 4 2 ) have no absorbances over the UV-visible spectrum in the range of 200-700 nm. After Ru impregnation, the presence of KRuO 4 can be observed by an absorbance at 300-330 nm in Ru-FAU-2. Nitrogen sorption data show that the zeolite pore space at high Ru loadings is greatly diminished. Ru-FAU-2 has a void volume of 0.231 cc g 21 , similar to the value for K-X of 0.253 cc g 21 (void volumes are reported as cc of liquid nitrogen adsorbed per gram of dry solid). However, Ru-FAU-10 has a void volume of only 0.030 cc g 21 . The bulk composition of Ru-FAU-2 and Ru-FAU-10 are 0.18 and 0.80 Ru/Si (mol/mol), respectively. XPS of the superficial area (surface plus several cages in depth) of each Ru-FAU sample showed that the composition near the surface of the zeolites was 0.173 and 18.33 Ru/Si, for Ru-FAU-2 and Ru-FAU-10, respectively. Thus, Ru-FAU-10 has significantly more Ru in the superficial region and suggests that some Ru could be on the exterior surface of the zeolite. This result is consistent with the reactivity observed from Ru-FAU-10 with 1-pyrenemethanol.
In the reactions described above, the supported RuO 4 2 was used in stoichiometric amounts with no additional co-oxidant added to observe the activity of the RuO 4 2 species. In order to have a true catalyst, co-oxidants could be added or cyclic operation involving regeneration of the active site, RuO 4 2 , on the spent solid could be done. In addition, it would be desirable to use an economical oxidant, such as molecular oxygen, as the co-oxidate or to perform the regeneration. Here, the Ru-FAU-2 solid was tested for regeneration in oxygen. The results are illustrated in Table 3 . As described above, as-made Ru-FAU-2 showed 3% yield of 2 in 24 h of reaction. After isolating the spent solid from the reaction, no absorbance was observed at 300-330 nm in the UV-visible spectrum. The spent solid showed little activity (1% yield) in a subsequent reaction with 1. The spent solid was then regenerated at elevated temperature with flowing oxygen for 3 h. After the spent solid was regenerated at 100 °C for 3 h, the activity of the recycled material was at levels observed from the fresh solid (3% yield after 24 h) and the UV-visible spectrum revealed the absorbance in the 300-330 nm range. Thus, the spent Ru-FAU-2 solid can be regenerated at 100 °C in oxygen and recycled to oxidize benzyl alcohol. While the reported yields are low, variations in temperature and solid amounts will certainly provide for higher conversions in shorter reaction times. Here, we provide results leading to the proof of concept and not optimal performance. 
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